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(54) Title: EXTRACELLULAR SEGMENTS OF HUMAN e IMMUNOGLOBULIN ANCHORING PEPTIDES AND AN- 
TIBODIES SPECIFIC THEREFOR 

(57) Abstract 

Antigenic epitopes associated with the extracellular segment of the domain which anchors immunoglobulins to the B cell 
membrane are disclosed. For IgE, the epitopes are present on IgE-bearing B cells but not basophils or the secreted, soluble form 
of IgE The epitope can be exploited for therapy and diagnosis. For example, antibodies or inununotoxins specific for the ep- 
itopes associated with the anchor domain of IgE can be used to selectrvcley destroy or down-regulate IgE-bearing lymphocytes, 
thus blocking IgE-mediated allergic reactions. Three different isoformes of the (^terminal segment of the human e chain result- 
ing from alternative mRNA spli tings in the membrane exon region are disclosed, one of which is secreted and not membrane- 
bound. / : . : 
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5 EXTRACELLULAR SEGMENTS OF HUMAN c IMMUNOGLOBULIN 
ANCHORING PlE^TmES ANb ANTIBODIES SPECIFIC 
THEKEFOR ; 

Background of the Invention 

The immediate-ty^ bjpciscn^ such as extrinsic asthma, hay 

10 fever, and allergic responses to .certain foods or drags, are mediated 
primarily by one isotype of the imirmiloglobiilin^ IgE. In an IgE- 
mediated allergic response; the allergen binds to the IgE which is bound to 
receptors on the surface of mast Cells and basophilic leukocytes (basophils). 
The binding of the iallergen c^es crosslinking of the surface IgE molecules * 

15 and hence the underling' reteptors for the Fc portion of IgE (FccR), 
thereby triggering the release of pharmacologic mediators sudi as his t amine , 
the slow-reacting substance of anaphylaxis (SRA), and serotonin. The 
release of these mast cell aftxl basophil products causes the pathological 
reactions and symptoms of allergy. 

20 IgE is secreted by a particular class of B cells, which also express IgE 

on their surface. In individuals sensitized to specific allergens, the allergen- 
specific IgE is continuously produced by tliese B cells. Nevertheless, 
individuals who fcave rio'secretf & IgE in their systems (and no IgE producing 
B cells) appear to live normally, indicating that IgE is not essential in the 

25 immune response, IgE m$ however, be useful in fighting infecdon by 
parasites. ' . * ■* 



WO 91/11456 PCT/US91/00491 

2 

If seems, therefore, that reducing secreted IgE by suppressing or 
depleting IgE producing B ceils would be a liable, therapy for allergy. 
Monoclonal antibodies (and derivative and related products) which bind 
specifically to the IgE producing B cells could be used in such a suppression 

5 or elimination process. Hie hnrnune system's regulatory, cytolytic or 
cytotoxic mechanisms can be used to suppress or destroy cells which are 
bound by monoclonal antibodies, or by the derivative or related products. 

IgE binds to the FceR receptors on the surface of basophils and mast 
cells very strongly, with an association constant, Ka, of about 1 x 10 10 

10 liter/mole. Even though IgE is not synthesized by basophils and mast cells, 
the very strong and stable association of IgE with FceR means that IgE is 
virtually always present and exposed on the surface of these cells. Thus, an 
immunotherapeutic agent targeting the IgE on B cells must not react with 
the IgE on basophils and mast cells, in order to avoid ooss-linldng this IgE 

15 and the underlying FceR and thereby triggering an allergic reaction. 

Summary of the Invention 

Immunoglobulins consist of two peptide chains, a heavy chain and a 
light chain. In IgE, the heavy chain is designated as the e chain. Membrane 
anchoring peptides extend from the C terminus of the heavy chains of the 
20 inmiunoglobiilins and affix the associated immmoglobulin to the cell 
membrane surface. These membrane anchoring peptides can be divided into 
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three segments in terms ofclocations in relation to the plasma membrane. 
The middle segments have 25 hydrophobic (l and uncharged amino acid 
residues, suggesting that they ere in the membrane lipid bflayer. The 
Otenninal hydrophilic segments have 3-28 ammo add residues, suggesting 
5 that they are intracellular. The segments toward the N-termini contain 
about 13 to 67 amino acid residues, and are highly acidic and hydrophilic 
suggesting that they are on the extracellular surface of the plasma 
membrane. 

The extracellular segments.of these peptides are unique for different 
10 isotypes. Therefore, the extracellular segment of the. e chain membrane 
anchoring peptide forms, in whole or in part, an epitope unique to the B 
cells which produce IgE. However, this membrane-bound immunoglobulin 
isotype specific (Vzfcis") extracellular epitope is not present on secreted, 
soluble IgE (or on IgE bound to the FceR) because only the IgE which is 
15 bound to the surface of B cells contains the membrane anchoring peptide as 
part of its heavy chain. The antibodies and other immunotherapeutic 
agents of the invention bind to the mips epitopes on the surface of IgE- 
bearing B cells. These B cells can then be eliminated or controlled by a 
number of immune mechanisms. These antibodies and other 
20 immunotherapeutic agents can be used in in jmQ or extracorporeal allergy 
therapy, and in diagnosis, as describedAirther below. 

One advantage in therapy of these antibodies and related 
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i^nunotberapeutic agents over those that bind epitopes common to IgE in 
bo* bound and. secreted form, is that the latter will fonn ^ inmnure 
' c^plexofan^^ 

Iddney or other physiological fanctioas. 
5 it has been discovered that because of alternative mRNA spHdngs, 

there are at least three different nucleotide sequences *bich encode for 
pcptidesmthemembrane^ 
anunoaddse^uencesencodedbythese^ 

differed indicating that there axe three different isofonns of the human e 

10 cbato membrane anetoring peptide. 

^ d^ced ^ ^ sequence of Uoton»I shows U« h l»s «7 

annuo acid residues, and a 15 amino add peptide segment toward the N- 
urmmns. «s !5 amino add segment is proposed to be extract and 
t „ f orn,.ndrel,or^d K ^er« ttV e.Isoformnhas 1W ^add 

residues, 67 of which are towards the N terminus and form the proposed 
e^cnuiarsegment fsoform Iff, b^ 45 amino add residues, issecreted 
and doesnot have, menmnu^hound «o^u* segment 

Brief Description of the Drawings 

Hg. 1 shows three different mRNA spUdngs which create three 
differentproposedis^ofhun^me.*^ 
^TH). -indicMes. stop codon in the reading frame. lb. short solid- 
bl a* segment at the end of to CH4 domain represent the C-termmnsof 



15 



20 



^. - fir- ' • . 
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,w The mocritoed segment is *« P 

peptide of humane cham. The how 

Fl , 2C sho*s the pep^ ^ u membraM 
anchoring region of humane cham. 1* 

^canbetsedforscreemng 
.nmanechainroemhrane^oringpepude,*.- 

bOTI " 1 * • , . of HEM7 to various #n» 

M „e the means of duplicates tt . % <c 
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Fig. 5C shows binding of HEM7 to IgE-secreting cells as determined 
. - by fluorescence flo^cytoinetry. J*SB^1^€"»*^; 
to secreted IgE (positive control), with binding at equivalent concentrations 
(10 ws/ml) to SKO-007 cells. Rg. 5A is control without antibody added. 
5 Hg-^^owstheconcenUation^ependentbindingofHEM^ 

secreting SKO-007 cells at various concentrations. 

Fig. 6B shows the specific inhibition of HEM7 binding to SKO-007 
ceUsbym^-e peptide. • HEM7 and ^-.peptide; C.HEM7 and .(i,- 
y peptide; a. TES-19 and mfe*-e peptide. Values shown represent the 
10 means of three separate determinations. 

Fig . 7 Western immunoblotting analysis of membrane-bound IgE 
with HEM7. The relative migration of the M.W. markers is shown on the 
fcft, and the positions of membrane bound c and secreted e on the right 
& serum IgE probed by polyclonal anti- e ; L serum IgE probed by HEM7; 
!5 „ plasma membranes of SKO-007 cells probed by polyclonal anti-e; 4, 
plasma membranes of SKO407 cells probed by HEM7; * plasma 
membranes of SKO-007 cells probed by HEM7 in the presence of 
peptide at 100 ng/aH- 

DeUlled DescripHo.. of Preferred Embodiments and TWr M—t «* 

20 Process of Making and Using 

Membrane-bound i^o#o^ on B ccto from 
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secretory, soluble immunoglobulins synthesized by the same B cells in that 
the former have an extra peptide piece that anchors them onto the B cell 
surface. The membrane-bou^i immunoglobulins on B cells from different 
species, for which amino acid sequences have been determined, have extra 

5 isotype-specific regions that mdiiar th6 in^ 

These peptidic regions ha*e lengths rangh^ from 41 to 130 amino acids and 
can be divided into three segments. There, is a middle segment of 25 
hydrophobic and uncharged agino adds, which is believed to be located in 
the cytoplasmic membrane tnlayer. There is a Gterminal hydrophilic 

10 segment of 3^28 amino add residues, which is believed to be located on the t 
cytoplasmic side of the m^jnbrane. There is a segment toward the 
N-termimis of about 13 to 67 amino add residues, which is highly addic and 
hydrophilic and proposed to lie on the extracellular surface of the plasma 
membrane. 

15 The length and the hydrophilic and highly charged nature of the 

extracellular segment indicate that this segment is exposed and accessible to 

antibodies. The antigenic elopes located on the extracellular segment of 

""^ • 

the membrane-bound region $f immunoglobulin heavy chains are 

designated herein as the migis epitopes. Hie migis epitopes allow for 

20 developing several types of monoclonal , or polyclonal antibody-based 

therapies and diagnoses for JgE-mediated allergic diseases. 

2. M* mhraTie AneKwftiy P eptides of B Cell 'Membrane-bound 
Immunoglobulins 
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The amino acid sequences of ten membrane-bound immunoglobulins 
from several species have been previously determined. See Ishida, N. et aL, 
EMBO J., 1:1117 (1982); Steen, M. L. et aL, J, MoL BioL, 177:19r32 (1984); 
Rogers, J. et aL, Cell, 26:19-27 (1981); Yamawaki-Kataoka, Y. et aL, Proa 

5 NatL Acad ScL, MSA, 79*^008-2012 (1982); Kamaromy, M. et aL, Nuc 
Adds I^es., 1L6775-6785 (1983); Rogers, J. et aL, Cell, 20303-312 (1980); 
Bernstein, KE^J. ImmunoL 132:490-495 (1984); Cheng, H. et aL, Nature, 
296:410-415 (1982). These sequences indicate certain common features of 
the membrane anchoring petides. As shown in Table 1, and as discussed 

10 above, the membrane anchoring peptide has three segments which are 
distinguishable based upon their locations in relation to the plasma 
membrane. 



Table 1. Key features and properties of membrane anchoring peptides. 



Number of Amino Acid Residues 



15 



20 



25 



Immunoglobulin 1* 
Class/Subclass 

Mouse Ig£2 19 

Rat IgE 19 

Mouse IgG, 18 

Mouse IgG^ 18 

Mouse IgGg, 18 

Mouse IgGj 18 

Mouse IgM 13 

Human IgM 13 



2. 



25 
25 
25 
25 
25 
25 
25 
25 



3* 



28 
28 
28 
28 
28 
28 
3 
3 



4. 



72 
72 
71 
71 
71 
71 
41 
41 
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15 



Human I9 D 
House IgD 



human v chains). See xaoic «-wia 
11 ■ . . . .j rA ciAies almost entirely 

accessible by antibodies. 



20 



25 



30 



35 



House igE 
Rat igE 
Mouse igGi 
Mouse 1962. 
Mouse igGj,, 
Mouse ig^s 
Mouse igM 
Human I9 M 
Human I<3 D 
Mouse igD 



^ V.«i «.anences of mfe* peptides. 
The amino acid sequences 6 1 

26-' 21 i„ _ Tr tr. EVEGE" ELEE 

•■• ; .i^ESS-5S-:S 
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rnmnosition of charged amino add residues and polar, 



Proportion of 
Acidic Basic Polar hydrcjhflic hydropbiUc 
residues residues residues residues 



residues 



jt Amino add residues 



10 



15 



20 



Mouse IgE 
RatlgEl 
Mouse IgGj 
Mouse IgG* 
Mouse IgGy, 
Mouse IgG 3 
Mouse IgM 
Human IgM 
Human IgP 
Mouse IgD 



10 
10 
6 
7 
7 
6 
6 
6 
6 
7 



0 

0 

0 

0 

1 

0 

0 

0 

1 

05 



2 

2 

4 

2 
1 
4 
2 
1 
8 
9 



12 
12 
10 

9 

9 

10 

8 

7 

15 

165 



63 

63 

56 

50 

50 

56 

61 

54 

56 

63 



Addic residues: E <W £ ^ ^ charged. 



1 PTt?TTTlilT* n P 

30 ^purpose. W * P«P^ <~ ^ ^ * 
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.^ferred .nethod tor constructing - cWA libra* — * 
library Construction System Kit uorara* 
by Irrvtaogeu (San Diego. CA). A step-** 0 

s prodded for RNAao ^rfajNA.ctocM**-"^ 
synthesis, linker ligation, agarose gel smog of 
^NA.vecU.rUg.Uor.and^or^.nofE.^i.^" 

be screened with DN A probe A which is a 1.1 kb long 
lonenS.boCer^ACno.embraneWsegmen.). * 

• ,„ both secreted and membran«*ound forms can be 
dones. which include both secretea 

v.. Prnbe B is developed by talcing 
distinguished by using additional probes. Probe B 

' ,. a nf rtie CH4 domain is truncated 
B .d.anUgeofUieprobableiacttotU.eendoftheCH 

' v * . «4:^a The truncation occurs 

■ f CH4 domain and the membrane-bound 
when the gene segments of the CH4 domain 

^.t enf the C4ermini also occurs with the 
domain are translocated. The loss of the Ctermuu 

i«K,,iins. including « and n, which 

20 ^.^Wii— 
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b B o. inuacodon fc— * ^ *~ *■ » *~ " *" : 

1OTlte p4bp5'.oth< ! t«™iatio I .c<)doD). 

ft. sped* 1«— ,o, probe B is indicated in Ffc 3A. *robe B « 
«,« wi* ft. secreted *- -f the . chain gene - - — 

5 bound form of e chain gene. 

, v r tVio 3B) was based on the finding that the 
The design of probe C ("£• TO 

„nbrane segment - * — — Md " ,riDg ^ " ^ 
^ed among -Uhe innrnrnogiobaiin genes so » screed. There - 
a segment of peptide and corresponding coding DNA within this 

M _ in Tabic 4. the census DNA science with the eight 
combinations was used as probe C 
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Table 4. A conserved region In th« <ransmembra|ic peptide segment of the 
membrane anchoring peptides. 



1 2 .3 4 5 

•h Leu- Phe- Leu- Leu* Ser- 



<; Mouse IgE CTG- TTC'.CTG* CTC- AG 

ituse IgG, CTC' TTC- CTG- CTC- AG 

Soute iS ' CTC TTC- CTG- CTC AG 

Souse lS£ CTC- TTC- CTG- CTC- AG 

,n SoSsa iIg^ CTC TTAC^-CTC-AG 

10 MoSse iIm *•* CTC- TTC- CTC' CTG- AG 

Su^an S3 ; CTG- TTC- CTG- CTG- AG 

SanilS* CTC- TTfi- AtC- CTC- AC 

Mouse iiD* CTC- TTC- CTG- CTC AC 



Consensus CT • TTC- CT • CT - AG 

sequence v S S e 

(Probe C) G 



•Human and mouse IgD VhaV-jthr (ACX) in the 5th amino add residue; 
human IgD also has He (ATCf m the 3rd amino aad rescue. These are 
20 the variations not cbvwed b^ ffie (tomensos sequence. 

Probe D which represents a segment UDStream of the most probable 
splicing donor site, GT, consists of 36 bp. TJiis probe should react with € 
chain gene of both the secreted and membrane-bound forms. 
25 Table 5 summarizes the pattern of reactivities of clones containing c 
genes of secreted or membrane-bound fonns with the four probes. 
Table 5. The reactivity of e gene^aantaining cDNA clones with probes A, B, 



C, and D. 



,Secreted f HH" hrimt '- hmind 



Probe A 


+ 




Probe B 


+ 




Probe C 




* + 


Probe D 


+ 


. + 
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Tl.c Hbraiy size needed to done th C membrane-bound e chain depends 
- 'on how abundant the" mRNA is. Assuming secreted IgE cbnro'rises °* 
the SKO-007 poly A* RNA, the library sue should be about 5,000 
independent recombinant clones to have a 99% probability to isolate a 
5 positive clone. In IgE-produdng rat unnnmocytoma IR2 and IR162 cells, 
^AforthemenArane-boundformofech^ 

2% of that of the secreted form. Assuming this ratio of 
m cmbrane*ound/ S ecreted forms of * chain holds tme for the human 
IgE-producing SKO-007 cells, the cDNA library size needed to isolate the 
10 membrane-bound e chain is about 250,000. In a preferred procedure, a 
larger number of clones (about 1,000.000) are screened. 

An alternative to the conventional approach of establishing a cDNA 
library and screening the clones representing the cellular mRNA species is 
to amplify the mRNA to produce high proportions of their corresponding 
!5 DNA. The resulting DNA can then be purified by gel electrophoresis and 
' then subjected to sequence analysis. ^ methodology, referred to as 
polvmerasechamre^ 

past few years and complete systems including reagents and equipment have 
been commercialized. One preferred system is provided by Perldn Elmer 
20 Cetus (No^ CI}, and mdud^ 
Reagent Kit and the DNA Thermal Cyder. 

Some of the specific reagents used in this approach are the same as used 
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^ ^n*™^ - « ^- - » *• 

pcr -~* r *> - «?r i ~ 4 - r 

, ***** WDfe cells provided by Stratagene (U Jolla, 
20 using human lung fibroblasts^ Y 
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fc*™.*** The loctf c* of the ,«» aegmen, 
-corresponding ;<• the membrane «"»*g pep** ^ be detuned b» 
^ . probe P r^«d tan *. »-*•-• — " ** 
segment (probe C of Figure 3 and Table 4). .1*. ~»ence 

5 .r.*.~.^•^*.*~.-** ,, • ,l4 ■ ,, *" 

determined 

]f| ^n,^^ mT lwflirMrilwrrM**. 

yt rti'Ht of ffl nm?" * rham 

Ttemd «odd«^.«*of t ^micDNA«co»^tl M encoa iI g 
„ seg^for^^raoea^Pcpdocrfb^n^^bo^ 
. chain »as deterged b, screening .he human genomic library as 
Tbe fences of Isofonns I, U and m are shown 
^ivel, in Fig, 2A. 2B and aiong whh the deduced amino add 
^uencesforpordonsofu.en.embr^^cnorln.p.pdde. Theassigumen, 

^(asshowninFig.^by^mparison..^^^^ 

- ^.mhrflneiound € diain and of immunoglobulins 
gous sequences of mouse membrane-Douna «i*u. 

of other classes. 

For isofonn I, the mfeo peptide is identified as the first fifteen amino 
20 acids en^dedb, membrane «on lB indicated b, the bdd-faced amino 
adasinHg.2^ This precedes . stretch of *** « hydrophobic amino 
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Structure I 
Structure II 

_ . tnoes designated as the cjito eP^ 8 - 
5 human « chain. These epitopes are design 

„ arer ^ible,inaudiiig^ 
Several approaches are possible, mauuu* 

i. -«,r*«e& IfiE on the surface, ine 
of a human myeloma cell Une vtfnch expresses^* 



20 region. 



. Blso desc ribcd in International Application 
An alternative approach, also descnoco 
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sequenced. 

Another alternative approach described in International Application 
No. PCT/US88/04706 is to screen the human genomic library. The gene 
segment corresponding to the membrane bound region can be determined 
5 with a probe prepared from the homologous mouse gene of the 
transmembrane segment, and the sequence of this segment is then 
determined. 

In the present invention, the initial nucleotide sequencing was 
performed on the cDNA derived from mRNA isolated from human cells 
10 expressing membrane-bound IgE. A commercially available human IgE 
expressing myeloma, SKO007 (from the American Type Culture Collection 
("ATCC") Rockville Maryland), was used. 

The DNA segments of cDNA regarded as pertinent to identification 
and characterization of the transmembrane regions of human e chain were 
15 amplified by PCR, as described further below. 

a ^ n ^^inn nf a Transf ftC tftTna Expressing Chimeric IgE. 
Before proceeding to sequencing of the e chain genome, a cell line 
secreting a hu/mu chimeric IgE and expressing membrane-bound IgE was 
generated to use in determining the reactivities of monoclonal antibodies 
20 with membrane-bound IgE on B cells. For constructing the chimeric e and 
k genes, the constant regions of human t and x genomic DNA and the 
variable regions of genomic DNAs of the heavy and light chains of a 
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monoclonal antibody, BAT123 (specific for gpl20 of HTLV-IHB strain of 
HTV-1), were used. The variable region genes of BAT123 had been isolated 
from the functional heavy and light chain lod and used in the construction 
of murine/human (y1/k) fusion -genes for the production of chimeric 
5 BAT123 (hu yl/ic). See International Patent Application No. 
PCT/US88/01797. By replacing the human/? constant region with the e 
constant region in the heavy chain ^^e^ressiottyector, a chimeric BAT123(hu 
c, k) with an antigen binding region derived from BAT123, was produced 
. in a similar approach. * --. 

10 Al phage clone containing the human germ Kne « constant region was 
identified with a probe representing a segment of the constant domains 
(CH1-4) of e chain. From this phage, a 6.4 kb DNA segment containing 
domains CHI to CH4 and a 25 kb 3'-flanking sequence was subcloned into 
pUC19. By analogy to the reported mouse and rat e-lod information, the 
15 presumed membrane exons wereiestimated to be located within the 1 Kb 
Sad fragment at the 3'-end of the € gene. The 1 Kb^ad fragment was 
subcloned and sequenced to establish the presence of any membrane 

exon-like sequences. 

The 6.4 kb DNA segment containing c domains CHI to CH4 and the 
20 membrane exons was Baked to the BAT123 V H gene to give the chimeric 
mouse/human € gene. Tbfcjchun*eric « gene, together with the chimeric k 
gene, were co-transfected into Sp2/0 oalls by electroporation. The 
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transfected cells were selected by the 432I and jassi gene activities in the 
presence of mycophenolic acid and G418. The procedure Was similar to that 
described in International Patent Application No. PCT/US88/01797. 

Stafrlf. t^nsfhrmantfi were established and analyzed for IgE secretion « 

5 by ELISA, and for membrane IgE expression (by fluorescence flow 
cytometry). A clone, SE-44 was chosen for further studies. The cumulative 
IgE concentration in the culture supernatant of the SE-44 cells at lOtyml was 
established to be 40 jig/ml. 

To test for Ig expression on the cell surface by fluorescence flow 

10 cytometry, cells were incubated with anti-human IgE antibody, and 
developed with fluorescein labeled goat (Fab'^ anti-mouse IgG. Cells 
Sp2/0, SKO-007, and chimeric IgE expressing cells were then fixed in Wo 
paraformaldehyde and analyzed on a Coulter EPICS flow cytometer. 
Fluorescence profiles for Sp2/0, SKO-007, and chimeric IgE expressing cells, 

15 respectively, were also run in the absence of primary staining antibody. Cell 
surface staining by anti-human IgE was estimated to be 60% and 50% for 
SE-44 and SKO-007 cells, respectively. 

To further confirm that SE-44 cells express both membrane exons 1 
and 2, the 1 kb gad segment was separated into three portions utilizing the 

20 restriction eruymeAEal- The two 250 bp fragments containing membrane 
exon 1 and its S'-flanking region were used as the probe specific for exon 1. 
The 400 bp fragment containing exon 2 and the 3'-untranslated region was t 
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used as the exon 2 probe. Theseprobes weifcused separately in Northern 
analyses to hybridize with cytoplasmic RNAs, Both probes yielded similar 
results and lit up messages of 3.0J3Q and 3,606 iracjeotides in length for 
SE-44 and SKO-007, respectively. The observation that SE-44 cells 

5 express^ shorter membraue-IgEm^ 

Since there is no tenmMtion/polyatdenylation (t/pA) signals within the 1 kb 
Sad fragment, the chimeric € gene used the SV40^erived t/pA signal 
present in the a* gene construct for expression. The SKO-007 membrane 
IgE messages probably represent the normk intact transcripts using the 

10 endogenous e-locus t/pA signal «&ich is located 600 bp (estimation based 
on the size difference of the two messages) downstream from the 3'-end of 

the 1 kb Sad fragment. Northern analysis therefore suggests that both exons 

■ 

1 and 2 are transcribed in these cells. 

An identical Northern blot 'was also hybridized with the c (CH1-4 
15 domains) probe. Transcripts of approximately 2^00 nucleotides in length 
were noted for both SE-44 ami SKO-007, in addition to weak bands 
characteristic for membrane IgE-specific messages. 

Binding bhibition assays were used to demonstrate that the chimeric 
BAT123 (human e,ie) bound to g>120 with an affinity constant comparable 
20 to that of BAT123 or diimeric BAT123 <hu, y\ k). In experiments 

.• . • ■ . ;.jc ■ U 

examining the binding of BAT123-HRP conjugate to solid phase gpl20 in 
competition with BAT123 itself, chimeric BAT123 (hu yl, %), and diimeric 
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BAT123 (hu c 1, k) the replacement of mouse C yl in BAH23 with human 

C yl or human e did not affect its antigen-binding affinity significantly. 

B. Pinning and > mctentMe rea™"«*"g of <PNA segments encoding 
t h e transme mb rane region of human C imnnniOFlo|?\ l lin. 

5 In addition to SE44, the cell line SKO-007, which also expresses 

human e chain on its cell surface and which is a subclone of U266, was 

obtained from the ATCC U266 was a myeloma cell line established from 

a blood sample of a myeloma patient 

Total RNA was extracted in guanidinium thiocyanate from 5 x 10 7 
10 SKO-007 or SE^4 cells. The first strand cDNA was synthesized by AMV 

reverse transcriptase (life Sciences, Inc., Petersburg, FL) according to the 

procedure described by the manufacturer. 

The mRNA was reverse-transcribed using the oligo-dT primer into 

cDNA, which was then used as the template inPCR to amplify the pertinent 
15 segments covering the 3* end of the CH4 exon and the membrane exons. 

Several oligonucleotide primers, with the following sequences, were used in 

the PGR: 

#1- 5^AG£LAATTjCTCGGTGCAGTGGCT-3' 

#2: 5'7GGfi^ShcTGGTGGAGCGTGAGTGGCC-3' 

20 (complementary strand was used) 

#3- 5MZA<jtAAII£AGATGAGTTCATCTG^ 

#4 : . 5v<3(£|AATTjQGATGCAGAGGCOGGTCCAOG-3* 

(complementary strand was used) 

#5: y-AGGGACTGCGGAGAGCAGCA-y 
25 #6: y-CTCGGCAGTCCCTGCTGCrGT-y (complementary strand 

CThe^derlined sequence is the introduced £eoW site for use in other 
studies.) 
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Hie major products derived from PCR were either subjected to direct 
sequencing or cloned into aBluescriptH vector. The nucleotide sequences 
were determined for several clones derived I fiojb each individual band. The 
electrophoretic patterns of the PCJR .products and the sequencing data 

5 indicated unexpectedly the existence in both ,$KO-O07 and SE44 cells of 
RNA species other than the one derived from the splicing of CH4 domain 
to the previously predicted me,l and meJ exons. When primers #1 and #2 
were used, the donunant PGR product was a segment originating from the 
direct RNA splicing of CH4 domain to me-2, using the predicted donor and 

0 acceptor sites, leaving out the me.1 domain (kg, 1). When these first-round 
PGR products were used as the template for a second round PCR using 
primers #3 and #4, two major products were observed (Figs. 2A and 2B): 
one originated from the splicing pfCH4 domain to me.1 using the predicted 
donor and acceptor sites and the other was from the spKdng of CH4 to a 

15 previouslyunidentified acceptor site 156 bp 5* of me/ (the segment between 
this acceptor site and me.1 is referred to as me.p). However, when primers 
#3 and #4 were used on cDNA as the template (first round PCR), the 
dominant product was a segment resulting from the splicing of CH4 domain 
to me.p (Fig. 2C). 

20 Additional PCR experiments using other pairs of primers also 

substantiate the observation of splicing from CH4 to me.p. When primers 
#3 and #6 were used, me major, product revealed the splicing of CH4 
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^ .. renting I. generate - — *-* " , . 
splicing of the earlier predicted donor site at the 3' end of meJ and the 

fc. „fn*N*s of . cbain derbed front *e — - to "* 

gen e s^oteut encoding » tnenftrane peptide: M» I — <» 
.Uh-* «ofonn H con** CW*«-#«0-* iSOt0m m 

contains CH4-mc2\ 

w r .iiwlnln nf f r»»* wnrmrni Wntifaf mcttwi fc 

Egqieriments were also carried out to identify the specific jnRNA species 
in the RNA prepare from SKH»7 and SE44 cells by mRNA/DNA 
hybridation methods. -P-labeled probes win. sequences complenKntary 
.o^NAencodedin^-i,^^^^^^^ 

ofRNAspedesconuiningthereprese^edsegnKnt, All these three probes 

^ shown to hybrid*, with tn. n*NA front bo* cett lines on the Nyion 

. j ; n SE44 cells were all smaller 

membrane. He « mRNA speaes detected u. SEM ce 

ton the corresponding species in SKO-007 cells. 
,„ Because isoformffl is subsu^ysn^ toan^nn. or n and 

m t esol«d from isofonn I and/or n in the eiearophoreac gel, the me»2 
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On the other hand, because the toe./ probe could hybridize with both 

t ' 

isof onus I and II, which were not resolvable in the ^el, tlie Northern blot tm 
analysis did not establish the presence of isoform I iiiRNA. In summary, the 
analyses with mep and mSL2 probes suggest toovincingly the presence of 
5 mRNA's of isoforms II and IIL ' In addition, the intensity of bands also 
suggest that the amounts' of mRNA's of these isoforms and their relative 
proportions are different in SKO-007 and SE44 cells. The results with me.; 
and me.1 probes indicate the SKO-007 cells have more isoforms I/n 
(combined) than SE44 cells, lie results with me.2 probe suggest that SKO 
10 007 cells have comparable amounts of isoforms I/O and isoform in, while 
SE44 cells have more isoform IE than isofdrms I/IL 

D. Predicted amino acid sequences corresponding to me.p and me.2* 

segments 

Based on the nucleotide sequences of the PCR-amplified segments, the 
15 corresponding amino acid sequences for isoforms II and III were deduced 
and compared to that of isoform L The reading frame of isoform II is the 

• —*>*'' ... .t : . 

same as isoform L The extra 52 a.a. (bold-faced in Fig- 2B) lengthens the 
extracellular segment of the membrane-anchor peptide to a total of 67 sua 
from 15 SLa. in isoform I (Fig. 2A). The omission of the me.1 (length 122 
20 bp, not a multiple of 3) causes the reading frame of me.2' segment in 
isoform III to be shifted (Fig. 2Q; the peptide coding sequence is 
lengthened from 81 bp (encoding 27 £L£l) to 134 bp (encoding 45 a.a.). 
The corresponding peptide of isoform in (Fig- 2C) does not contain 
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. \ „ of 25 «. thought to span the membrane lipid 
th . hydrophobic stretch of 25 aA ^ 

^ ^ e dbvmU) This soggests that it is secreted, 
buayer(theseginentisencodedbyme.I). ims 

and is not membrane-bound. 




P ... ~« fce used as immunogens. 

UU11 ^ ., AeS can also be used, where tne 

™v..tuiiit Immunogenic pepuaes rase" 
peptides based oo isofbrm n may be u> e. 

foro >«*■*. (design herd. of 

Such imnronogemc peptides \a^h 

! ^^^dbyco^.e^^"^^ 

- W , ro «sto g .«y»tb«ticp«p n d««|m«« C » 

„ o. core -ft* « »— * ^ ^ 
surface antigen, core anugcu, r 
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isowc^exaanodonalimtibodxescan ^ . 

^« of the invention, bowev«. 

- —-J^ 

tnveloma cells with genes of human * 
transfecting mouse myeloma ce ^ 

. chai ns and Ught chains and which express on the, ce 
heavy chains ana ugu lise d as immunogens. 

•„ <„, the awrfWh. »W« ep"»P«- Apreterre 

_ or c o2/ o cells, po**)** ^ 
20 cells, such as HS-1 or Sp2/0 ecus, 

todies is »tojectta<o eachm-* « 
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the recombinant or synthetic peptides of the ipe^oninco^Freund's 
adjuvant Two and four weeks later, the ^ne amount of antigen is given 
subcutaneous* in incomplete Freund« S adjuvant. After about six weeks, the 
fourth antigen injection is given intraperitoneally in saline. Mice are 
5 sacrificed 4 days after the last .injection and the spleens are removed for 
preparing single cell suspensions for fusion with myeloma cells. 

A similar protocol can be used for tamiuiiizanon with purified native 
human membrane-bound immunoglobulins (having attached membrane 
anchoring peptide segments) isolated from the plasma membrane of 
l0 in^unoglobulin-bearing human mydoma.celk^ch as IM-9 cell, When 
human immunoglobulin-bearing cells are used as the immunogen, 1 x 10' 
cells are injected mtraperitonealryjat two week intervals. 

The fusion procedure with polyethylene .glycol and other various 
procedures concerning cloning and hybridoma-culturing have been well 

!5 established T*ep^^ 

by Hudson, L. and Hay, EG (Practical Immunology, 2nd edition, pp. 303- 
313, 1980. Blackwell Publishing Co, Boston). 

' The screening of hybridomas for ^monoclonal antibodies (or the 

ioentificationof polyclonal 
20 epitopes can be perfomed wi^ 

QW^**^^"*^^*^ ***** 

solid phase antigen is the conjugate of a peptide of the ***** with a 
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carrier protein different fipm that used in the immunogen. such as bovine 
.. albumin or ovalbumin. Monoclonal antibodies specific for a 

particular peptide of the invention (corresponding to one of the isoforms) 
can then be screened for specific binding to B cell lines and B cells 
5 expressing that isofbrm by using innnunofluorescence flow cytometric 
analyses. 

Generally. *.'^M epi*P«P«ifl<= monoclonal antibodies which 

are firs, obtained wffl be murine*** -* «- -* * '—»■■* " 

in human therapy. K fe therefore durable to produce chimeric 

or «, „ human expression vecmrs (StnUagen. Corp, U Jolla. California) 
„ p^ace fiasmenu of human antibodies (V„. V. F v . Fd, Fab. or 

forpr^chtoerie^Obodies. In addition, one eancreate antibodies in 

H w hicu the enure eons** portion and most of *• » 
buman^ri.ed.andon.y^anuge.bir^steisderi^^someoarer 

^ ^Riechn^I-^NabrreS^-^W Further, 

««.««^^W»**-»•»■ h, ' , **• 1 ' , " ! '■ ,d,lg ' , 

chaiuF.re^^conne^^Hus.on.^e.^Prc^Nau.Acad.Sd. 

^ chain anybodies are less unmuu<*enic than wnol. anybodies. All 
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these types of antibodies are therefore less likely to evoke an immune or 
.. allergic response. It is noted that an immune response could deplete the 
antibodies which are administered before such anObodies could function to 

suppress the inintune response. 
5 MonodonalanuTKHueiSF^cforthe^ 

red uce or eliminate the B ceBs expressing IgE by antibody^ependent 
cellular cytotoxicity (ADOC), cc^lement-mediated cytolysis, or other 
cytolytic or regulatory inuttuhe me^anisms.- For example, antibodies of 
certain IgG subclasses, such as mouse IgG* and human IgG. and IgG„ can 
10 mediate ADCC carried out by certain Fc receptor-bearing phagocytic 
leukocytes. Adnunistration of such mouse IgG* antibodies, chimeric 
antibodies bearing human +1 or Y -3 ctefins, or human IgG t or IgG 3 
antibodies can be used to dow*regulate 4>r iyse B cells expressing IgE. 
Tnese antibodies will not bind to the secreted form of IgB.or to IgE bound 
15 to the surface of basophils or ma«t cells. 

The mAbs of the invention can also be used as targeting agents for 

cytotoxic cells. 

Tie mAbs of the tavento, can 1» *> " *" " H °°" ° f 

„«* drugs or for deUvertog • effecto * by conjugating the 

m B cells producing IgE, -but** Beete producing other isotjpes. Hes. 
uatas m *** or *»* «-* ^ ^ 
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abrin.ricta.fsfiujj^^ 
- tricathecums, radioactive .udkfei, and membra^r/tic enzyme (such as 

phpspholipase). 

The antibody and the agent can be conjugated by chemical or by 
5 genetic en^neering techniques, m toxin-ant^y conjugates may be used 
alone or in combination with the free antibodies of the invention. 

The antibodies of the invention (and the toxin conjugates, fragments, 
and other derivatives) are adniinistered systemicaUy, and preferably 
intravenously. They can be adnu^tered ^ 
10 vehicle. 

Another therapeutic alternative involves active immunization, wherein 
antibodies specific to the mfc£~ epitopes are endogenously produced in 
vjyo, TT^eendogenoudyprcduc^ 

cause destruction of the associated B cells. Production of such antibodies 
!5 canbetaducedeitherbyadm^^ 
" invention, or a paratope-specific, antiidiotype antibody. Antiidiotype 
antibodies against the paratope of the antibodies of the invention bear the 
internalimageofthem^-e epitopes. These antiidiotype antibodies can 
be used to actively immunize against the m**-« epitopes and induce the 
20 endogenous formation of antibodies against the migis-* epitopes. Such 
paratope-specific antiidiotyptic antibodies are administered to a patient in 
an irnrmiaogenic amount sufficient to induce the formation of antibodies 
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• t v These anti4diotypic antibodies arc preferably 

my xnay also be any of the antibody 
toune response against Aem. They may 

te v V F V F^F^prF^^balsornaybednmencor 
fragments, V M , v u r v , 

5 human in nature). * stimulating factor 

Certamfactors.suchasg^ 

i^^rmlatik factor (M-CSF), are known to 
• t,^<Lii^la61nB thc)semeiatingADCU m 

combining them wmi ux 

. Hhodies can be made which draw cytotoxic cells such as 
Derivative antibodies caapc .„ KllUn . 

atoxic T ce* toward the targeted immunoglobuun 
macrophages or cytotoxic if- t l%n A ie& 

expressing B cells. Tb ^ ^^to** 
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. . „ _ K ; nP ic antibody hawing 

^ebi^dfic^diesoftheinvcntu.ncanbcasu.glc ocy 

. „ f ™ or more antibodies or antibody 
. .^spedfichies.araheteroaggregateoft.oormor _ ^ 

« „ fi<i Patent Nos. 4,474,893 and 4,714,681, 
fragments. SsiLi^C Reading, US. Patent aos. 

Segal £ULU.S. Patent No. 4 W80. 

s while monoclonal antibodies of toe uwcu 

un be used in eztra^rporealfitYM applications, 
anplications, they may also be usea in «u 

^^^^^^^^ 

„dra» of B tanpboc.* beartaj P»^» 
numbers and relative proportions of B lymp ocy 

*th cells which bear secreted brnnunoglobulins ma snch celfc? F* 
no.reactw.u, ecus whtchb 

receptoI ,Suchc,.U i nc to de m acropn.Beandac W a«dT 

^rdepleUono^B^.d^,--^ 

^onofBeeUs^ ~*>~—"*~l 
_v h are used to defcnnine cell surface aniens. In 
standard assays which are used <o _ 

20 general, the antftod.es are con t . .fcHartae* 

^^ercondi^,*.**.^^"^^ 
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antibody. ... 

,„ «. piM* «*? SKO " 

„„, ^ ceus. ^b^g B ecu, ^ 

. t« The results for UieHEM7mAb to isofonn I 
10 human/murinechimencIgE. The results fortne 

. xr * a nPUSA is used to determine reactivity witn 
are shown below in Fig. 6. An EUSA is use* 

synthetic mfcfc-e peptides and with soluble &, 

Table 6 The Reactivity ^ ^ 

Ta Different IgE^Contabung Targets. 
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F ?? « ftivitv ^ASSiijS 

Synthetic mfgw-epcP« de + feusA 

Soluble IgE immunofluorescence staining 

SKO-007 myeloma cells . + 

5. Errrinirr" ™* Axum^fcdeJs, 

A methods of the invention are ukely to be tested on 
The substances and methods oimc iu 

, .interns Twoof the mostrelev^tsystemsare the following, 
animal model systems, lwo oi^u* r 

A.Asflima/Bhjiais^Io^ 
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a more serious form. 
< to b«n established in rhesus moneys. 

Kn a,.d,^^^-^»^^^ 

=>ray cootatatog ascaris anogea, they 
these sensitive « e P"" 1 SPt " „ . 

dCTetoP ~m «— « ^ 

The various substances 01 

•n,* ascaris sensitive monkeys are 
.^hesus mo,*«y model system. The Mm 

treatment and measurements 
p,en the experimental tre«me»< or contro! treatme 

are made to determine: 
15 „ pothe^s^^-^^^' 

(b) DoesOiedrcalatingleEdedine? 

w T^circuUu^lg*^^^' 
«,) Does telgEde^oa basophils dedtae. 

^^^^^^^ 
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modeL 

.^d. W*. R** BlBQi*aW» (»«) ^ » 

add residue peptide is: 
5 Glu-Leu-AspLeu<31nAsp-Mu-Cysiiev 

<3lul*u<51u<3lu ' " 

Uu-I«s residues « the C-tenninus. 

^ pepUde and its KLH con^te are used . - 
10 rabbits and 8 o*, 

^^^^^^^^^ 
pep.de (rift Leu-^ » •« -* i** «— " 

a their related substances), with the 
(Lp ) with the purified antibodies (or their relate 

, ^jri,^ or with peptide linked to bovine serum 
15 peptide (with Leu-Lys addition), or witn pep 

^ Tb. nuce „e P« 1 * "* 

« .h« mice may rise be challenged by infection «ith » 
After the treatments, the nuce may ■»» 

H, questions to be ritarf «* *• 

(a) DoesttetoBlIeBtodrculMiondedine? 
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() „ nfthistestistodetennincthe 

differentcffe^Tbepurposeofttotest 



<<0 



but not 



IgM, is known to mediate ADCC 




10 



15 



jgB-produc^B ^.b^ to therapeutic uses of 

aeuttbodies. .Motel*"!-"* 

^ Tob.eBecuvei.u.erapy.O*-^" 0 ' 

- «r nther animals (e.g. aogs, w» 

"-tr:"!— — 

horses), -n* antibodies , ^nn. as carrier agents 

^^: fttin£ an immune function, as earner 
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meting agents for cytotoxic cclte. 




10 



A. < AliiniwW | l " pn ' m ««,,ce leG2a and human 

l 8 Glan<llgG3.c ! mOe cytolytic or tej»laK»y 

,ri«nB afflicted will* IgB-""*"" 1 " Ber E' m 
ft. ^-bodies to ■ ffil . m ,„ Usandc on M ,»en*.' 0 

T E*«roducing B cells and free lg^ 
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AntK ^ and horses. F°f 
• i, in other mammals, such as dogs, cats an 

a^peuUc — «•■'—■ ** """^ - H0m » and 

... .r« less tammm*™* » KHM™ iu— 

• ^nceslEGproductionagamsttheallerge / 
. Tofi oroduction may be most effective » 




20 
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aUergiessbomdbeeiman^ . 
; augment ADOC activities, such as GM-GSF (granulotyte monocyte-colonjr 
stimulation factor) or M-Q5F (monoeyte-cotony stimulation factor). 
c TnTTnmr *™™ Sn| -'^ r for ipF-FTftfliifinp Cells. 

5 Antibodies speeffic for a^^ 

m0 re of the ummmotc*ins noted above, thereby forming an antibody- 

in^toxmconju^ 

i^otoxins may be used aUme or in combination with free antwn** 

antibodies. % . 

10 D. F . ^rrnff T° real Treatment - 

While the m^-e-speciSc monoclonal antibodies can be used for in 2^ 
therapy they may also be used in extra^rpo^-affi therapy. The IgE 
in the circulation of allergic patients tan be removed by an affinity matrix 
; (antibody immobilired on a soUd phase) that is «,njugated with the 
!5 monoclonal antibodies of this ^ ^antibodies^ayleak^t 
from the affinity column and enter into the circulation of the patient, the 
mon oclonal antibodies of the invention are preferable to other antibodies 
that can mducehistamme r^ 

7 Pi?p™« ric Uses V 
20 Another use for the m*X*« .**» ,io«.tfoa Is for deKmtog 

nu^^ and r«U«v. proportions of IgE-beadng B ^ 

^.populations. V***^"^™™ 1 "****" 1 * 
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which bear secreted immunoglobulins via such cells* Fc receptors. Such cells 
' m dude macrophages and activated t cells, m profile of the B cells may 
indicate the immune status of the individual. The same information can also 
indicate how much antibody is needed to deplete a substantial portion of B 
5 cells bearing a particular isor/pe, where some of those B cells are tumorous. 
For this purpose, antibodies can be used in standard assays which are used 
to determine cell surface antigens. In general, the antibodies are contacted 
with a sample of the leukocytes to be tested under conditions which allow 
the antibodies to bind isotype-bearing cells in the sample. The cells are then 
10 examined for binding of antibody. This can be accomplished by 
conventional cell staining procedures, for example, a fluorescently labeled 
second antibody can be used to detect binding of antibody. 
The invention is illustrated further by the following examples. 

Example L CONFIRMING MONOCLONAL ANTIBODY REACTIVITY 
15 WITH MIGIS-t EPITOPES 

Two different mAbs to the migis-e epitopes were prepared. The 
preparation procedures are described below. 
A. f rf pp""g Mn r mrlftr* 1 Antihodv E46-13-3 

Monoclonal imtiboc^es against an epitope unique to membrane-bound IgE 
20 but not secreted IgE (isoform D were prepared by a standard procedure for 
preparing hybridomas, as described in the Detailed. Description of the 
Invention. The immunogenic* inumu^g.BAI3/c mice was the above- 
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^bedSE^tran^^ 

descrxbedSE-44 ^ 
3 times at 2 weQks intervals v«th 1x10 SB^ce 

. rfnC for 30 minutes Jtt3TCimbr .to injection. 
lmM mitomycin C tor mm 

, * ' t,a*ma was found to have specificity for 
!0 cxp e riments,onebybridon W doneE46-13-3wasfo 

the m&-e peptide (Table 7). 

j flRIB 7. _ to Human mfc&-« 

Peptide In EUSA. 



15 



migis-e peptide - ovalbumin 
HIV-I peptide* - ovalbumin 
n&.t peptide -KLIt 
HIV-I peptide - KLH 

of HTLV-HIB strain of H1V*1. vr 

monoclonal antibody- ^ wcre further analyzed for 

E46-13-3 and other monoclonal antibodies were nirtn 



A 450 
2.707 
0.0U 
Z773 . 
0.002 
0.005 
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r .d to various couUolceUUnes,induding 
. -A <&JU cells compared to various 

v T^oceU line, which expresses lg^» 
^caodtheDAKKIcc ^ with FTTC-goat-and- 

• „„ EPICS system. Tne re»u» v 

^ ^^^^ 

NeuieiaaiUiQS^^ Anti-IgE 
Control - 1 — * a- 

10 Cells E46-13-3 Monodona l antibody 




, Q < 58.1 (anti-lgE) 3>6 

Sp2/0 ^ g5.1(antt-IgG) 

15 IM-9 coated 80 («>4JW 0 

• ^-9 is a f^Xtenpboblastoid ceU line, 
a human IgA-expressing r/m P 

(including migtf-0 ^ ^ 
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these conditions more than 90% of the pep^<? was . cross-linked. 
. BAI^/cmiceweretienimrnuiiized^ 

with ioo n A< ^ nmt 4teind,ben 

intraperitonealfr^^ 
5 SE44 mouse myeloma cells (pd^ W « * ^ 

Spleen cells were fused with :Sp 2/0 cells using polyethylene glycol 
(Carbowax, Fisher). . Supernatants of growing hybrids were screened in 
enzymclinked immunosorbent assay (ELISA) for reactivity to migis-e 

ovalbumin. Wtf«^^^^ toWttM,Bto 

10 igEbymdirectiinmunoauorescen<xfl 

T* HEM7 hybridoma secreted an antibody showing specificity in these 
assays and was subcloned by limiting dilution. Antibodies from culture 
^pematantswerepurified.*^^^ 

Tbe pur ified mAb HEM7 wasanalyzed for specific binding to the migis-e 

isotypes (IgG, IgA, IgM, and IgD) were also synthesized and the reactivity 
of HEM7 with these peptides was examined. Inese nigis peptides are at 

adds, mmig* peptides show a ^ 
20 migh-v. and migis-i are the most homologous to mfcfc-e. 

In the EUSAmicrotiter plates (Immmon^Dyna^ were coated at 1 
jig/ml PBS with peptide; and the mfe*-M, ^ intgis-S 
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^ «D4W «* - — " eBic ^ „« card* - - 
cells were isolatea ib & 
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stained with antibodies and fluorescence quantised by flow cytometry 
(EPICS-V, Coulter Diagnostics^ ^Peripheral blood lymphocytes and 
monocytes were gated by their^gbt sc^tenng properUes. Presence of 
surface markers was confirmed using mAb reagents specific for 

5 TgE^C^IgGCH^^ 

from Zymed), and for other leucocyte surface markers (CD4. CD14. CD45 

anad CD23) (from Berton-Dickinson). 

Inhibition of binding of:HEM7 to SKO-007 cells by peptides was 
also assayed. n>ese assays were performed by preincubating the mAb 

were added to the mixture. 

HEM7 was able to bhM to sfcO-007 cells (obtained from the ATCQ as 
shown in the flow cytometric profiles in Figs.' 5A-5C 1" Urn 
touroflU oresce»cestdrun e Wo^o t SKO:007ce^mingHEM7n^, 

« it can be seen that .he fluorescence of Ufe'entlre SKCMM7 ceU population 

Tie inuuunofluorescence staining is comparable to that observed with TBS- 
19, a mAb specific for human fgE. used as a poitive control. 

Maximal binding of HEM7 to SKO-007 celis could be achieved a. 10 -30 
20 ug/ml <* 6A). Furthennore ( . the binding 0f HEM7 to SKMW7 cells 
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the binding of TES-19 mAb to SKO-007 ecus. 

surface Ig. Among the various human cell lines tested, HEM7 was able to 

t0 any other cells tested, including a T cell line, a .onocyte-lOce cell line, 
and peripheral blood mononuclear cells (Table 9). 

TABLE 9. 



SKO-007 {myeloma cell Bne) 
U266B1 {myeloma cell Une) 
15 IM-9 (B tymphoblast Une) 

RFMI 1788 (B lymphoblast line) 
DAKKI (B lymphoblast Une) 
OCRF-CEM {T lymphoblast 

Site) x CD23 ^ 

20 \}J931 {Monocyte-BkeceaBne) ^ 

Peripheral blood 
lymphocytes 

p^riphPral blood monocytes 



•The reactivity - £~^J£?i 
25 immunofluorescence «^ determined as the 

described above. The P«f^ of p ^^ levels above a set threshold 
increase oiV*™?*«^™%**?jTcM^* to the percent of 
after incubation in HEM7 ^^^J£ Values shown are from 

30 s^^^ 
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within the variability of the assay. 
. T^especfficbindingofHH^toinlgEw^ 

inn^blo^ 

disrupted SKO-007 cells. The Wfestem Immunqblotting was carried out as 
5 follows. 

Proteins in pprifiediK^^^^^l « 

a plasma membrane fraction from SKO-007 cells (25 W ) were fractionated 
on 10% SDS-PAGE and electroblotted onto nitrocellulose. The filters were 

incubated with either ^oridase^n^ 
10 chain at 25 or with HEM7 at 25 ,gM followed by peroxidase- 

conjugated goat anti-mouse IgG, and TMB^with membrane enhancer 
sutetrateCer^e conjugated 
Perry)- M. W. markers were fn&n BioRad. 

Goat anti-human IgE (« *a^specifie) revealed two bands in the area 
„ „f about W» (M.W.); HEr&reacted «ith or* the higher M.W. band 
(KB. 1). Hk» results suggest that the plasm, membrane preparation.*, 
eon^edmmsecretedl^ 

band stained by goat and-human . and that HEM7 reaoed only with the 
mOTbraIK . i ound form o. . chain, ' ^ 

20 because it contains the e*xa merabraie^ctoring segment Again, the 
immunoblotdng readion of rffiMT the specific protein in the 
U» M[BM n,r membrane could be inhibhed *y the mfcfc-c M«* <S* 
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cohnnn c of Fig. 7). Immunoblots of polyclonal human serum^enved IgE. 
Wednoreac^ 

m embrane fractions from a control cell line (IM-9) secreting IgG. 

HEM7 was also checked to determine if it would cause histamine release 
5 from peripheral human blood basophO, which cells were taken from four 
individuals. Each assay was run using various concentrations of TES-17 
mAb (a mAb specific for human IgE which induces histamine release from 
leukocytes) and HEM7. Polyclonal antibodies to human IgE (which also 
fcauce histamine release) served, in addition to TES-17, as an additional 

enhancer. 

„ «, shown that HEM7 did no. cause ***** release to a mAb dose- 
fashion, inespeenve of whether to enhancer was present. 

E^ell CONFIRMING THAT .SOFORM II EXISTS. M VIVO, AND 
15 P THAT IT IS MEMBRANE-BOUND 

TieprediaedisofbrmD^B^tfond amino MM-W 
and the 15 amino add segment bound by HEM7. Mouodona. and 
po^onal antibodies were pr«pa«d to 36 amino add syntouc peptide 
corresponding to reside o to 40 of to 52 amino add segment Both in 

bu, »o, with .gE from <* culture qa« -P-* « «™ " 

^onceUsandisnotse^d. M.reo«r..a umuunobiots. to IS amino 
acid band recognized by HEM7 co-migrates with that recognized by to 
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.* trt th e 36 ammo arid ^gment ' 



10 



• f A „vi l above) is referred xo » i 
(designated as ^ofonu I above) . 

. nr two e, chains are referred to as lg** 
containing one or two c 2 

. rt «lv £ chains are IgEv 
containing only « «^ im i c E concentration was 

, w,>,n,it 10-20 times average), were « 
about 1 /ig/ml (about 10.zuum : template was 

j After the tost strand cDN A iem F 

generated, K* - te ^ ^ pcR . 
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C-temdnal lysine residue, was synthesized. The pepti 
c HAA fiEAPDLPRLHQRPPAPRlAAGHSRSTRPS. 

: 0Md0M1 — - - - - • * - zi 

™ r„ r i?rr weic affinity purified by * small 

in the EliSA with anli-E2T as the soud-pbase 
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absent in the media of SP2/0 cetts and of CAG1-5W cells. 
- Since the variable regions of W heavy and the light chains "and the 

antigen specificity of the chimeric IgE («, secreted by SB44 cells and of 
the chimeric IgG *) secret by CAG1-5 W cells are identical, the 

to the solid phase was not due tq the variable regions. The e chain in the 
culture supernatant of SE44 cells did not bind to rabbit antibodies specific 
for an irrelevant antigen. 
mposdbiUtythata^ 
10 (designated as "e. chain") w# examined by testing its binding to a 
recombinant chain. The recombinant ^;which extended from CH2 
domain to the membrane anchoring peptide,^ produced in £. and 
purified by affimty column, AijpiSA showed that mAb Ell-4-70, which 

reactsvntbe.chain,^^^ 
15 15 a.a. segment of the membrane anchor peptide, reacted with the 

recombinant*^ 

cytoplasmic segment of c B . which is encoded by the same «on as E2T but 
using a dMerentre^.^.^ reactive with anti-E2T. and that the 

E2T, was not < n possibly shed from the cellular plasma membrane. 



20 

C 



The IgE secreted by SE44 cells into the culture medium was affinity 
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purifled by a mAb, TES-61, which is presumed to be specific for CH 
domains of IgE. the purified IgE was gel electropboresed wi& orvithout 
treatment of reducing agents, transblotted onto nitrocellulose filters, and 
reacted with various antibodies to be studied. In the blots transferred from 

5 a nonreducing gel, both horseradish peroridase-conjugated goat anti-human 
IgE and anti-EZT stained a band of about200Kd, indicating that « a chain 
was present in IgE molecules and not as single chains. In addition, both in 
the reducing and nonredudng conditions, anti-E2T reacted with substances 
with M.W. at the higher end of those bands stained by goat anti-human IgE. 

10 FfWivalents 

Those skilled in the art will recognize, or be able to ascertain using no 
more than routine experimentation, many equivalents to the specific 
embodiments of the invention described herein. Such eqinvalents are 
intended to be encompassed by the following claims. 

15 
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£LMMS 



L An antibody preparation which binds spedfical^ to imnmnoglobulin 
bound to the membrane of B cells but not to the secreted form of the 

immun oglobulin. 

5 2. An antibody preparation of Claim 1, wherein the tamunoglobulin is 
human IgE 

3. An antibody preparation of Claim 1, which is monoclonal. 

4. An antibody preparation which specifically binds to an epitope formed 
at least in part by the membrane anchoring peptide of an 

10 j mmiin nblobulia. 

5. An antibody preparation of Claim 4, wherein the immunoglobulin is 
human IgE 

6. An antibody preparation of Claim 4, wherein the epitope is located on 
the extracellular segment of the membrane-bound domain of an 

15 immu noglobulin chain. 

7. Monoclonal antibody which binds to human IgE on the surface of B 
cells but does not bind to human IgE on the surface of basophils and 
does not bind to secreted, soluble IgE - 

8. TliemoiK>donalanttTx>d^ 
20 antibody fragment >' 

9. A chimeric antibody which binds specifically to human IgE on the 
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surface of B-cells, but does not bind to IgE on the surface of basophils 
and does not bind to secreted, soluble IgE, the antibody having a 
nrurine antigen binding region and a human heavy chain constant 
region. 

5 10. A continuous, stable cell line which produces a monoclonal antibody 
which binds to human IgE on the surface of B-cells but does not bind 
to human lgE on the surface of Dasophils and does not bind to 

secreted, soluble IgE. 
1L AceUlmeofCunmlO,wUchisahybridoma. 
10 11 Isolated DNAcomprismgfunctiondly rearranged genes encode 

variable region of a light or heavy chain of an antibody which binds to 
IgE-bearing B cells but not to basophils or to secreted, soluble IgE. 
13. A DNA construct comprising the DNA of Claim 12 linked to DNA 
encoding a human light or heavy chain constant region. 
15 14. AmyelomaceUtrarrfected^^ 
secretes a chimeric antibody. 
15. Monoclonal anu-idiotypic antibody specific for the parotope of an 
antibody which binds to IgE-bearing B cells but does not bind to 
basophils or to the secreted, soluble form of IgE. 
20 16. Anpa^ope-spedfi^^ 

chimeric antibody having an antigen binding region of murine origin 

and a constant region of human origin. 
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17. Auantigenbmdingfrag^^^^^ 
. 18 . Ania^otounW^ 

binds to IgE-producing B cells but does not bind to basophils or to 

secreted, soluble IgE. 

group co^dsdBg of cytourfc*"** J*-* 
lsslS!mm toxto, diphtheria toxin, P*eweed —** 
tricathecun*. radioactive raKudes. tod tKinbrane iytie enzymes. 

20. Abi .specl fl c^l«u te co B *^.»^W''^"» Mt " ,,iCl, 
„ ^U.IgB-produetagBIympbocy.e.Wdc^notbtad.on^.cem 

or basophils or >o aecreud, soluble I*E and a second specific buuKng 
agent which binds to a receptor of a cytotoxic cell. 

21. AW^cmoleo^ofdaimW^chfa.bi-specific^-bod,. 

a A peptide having an amino acid sequence corresponding to the 
B «,rac«nnlar K6 m«.rfuu 1 «r 0 brane^dd M ^ofIgEon aK 

surface of B cells. 
23. AV^*^^^^^'^'"**™ 

ano .edifications of the^eptide do not substantiaUy alter the 
20 immunological properties Jhereot 

24. A monoclonal antibody or an antibody fragment reactive with the 

peptide of claim 23. 
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25. An e immunoglobulin membrane anchoring peptide resulting from a 
mRNA splicing other than the splicing of the Ce4 exon, the end exon, 
and the em2 exon. 

26. A nucleotide fragment coding for the peptide of claim 25. " 
5 27 A peptide segment having the sequence: 

G1AGG^QSQ*APDR«VLCHS<KX^ 

HPRCH -CGAGR AD WPG -PP and modifications of the peptide 

which do not substantially alter the immunological properties thereof. 

28. A peptide segment having the sequence: 

10 GAAVP -LSHAA-GEAPD -LPRLH QRPP APRLGR • 

GHSRS -TRPSF-FSASA and modifications of the peptide which do 
not substantially alter the immunological properties thereof. 

29. A nucleotide fragment coding for the peptide segments of claim 27 or 
28. 

15 30. A DNA fragment including the sequence: 

GGCTGGCTGG-CGGCTCCGCGCAGTCOCAGA- 
GGGCCCCGGATAGGGTGCTCTGCCACTCCG-GACAGCA 
GCA-GGGACTGCCGAGAGCAGCAG<5AGGCTCTGTCCC 
(XACCCC-CGCTGCCACT-GTGGAGCCGG -GAGGGCTGAC- 

20 TGGCCAGGTC<XCCAG and corresponding sequences which code 

for the same peptide. 
31. A DNA fragment including the sequence: 
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GGG AGGCCCCA<3 ACCTCCCTCG ACTACACC tAACGTCCT 
CCAGCCCCACGC^AGGCCGCGOGCACTCAGGCTCCA 

CC AGG -CCC AGCTTTT -TCTCTGCC AG *CG CCTG A and 
5 corresponding sequences*!** code for the same peptide. 

32. UonodoTrttnfoo&estoitewtiteoi^Vor 7 *- 

33. Tne monoclonal antibody of daim 32 which is human or chimeric 
murine/human or an antibody fragment. 

35. An anU-idiotypic anfl^ 



WO 91/11456 




WO 91/1 1456 



PCT/US91/Q0491 



Fig.2A 

CH4 domain - jme.2 exon 
Isoforml "<5TA-AAT«CGG-Cr AGCTOOAC- 

V N P E L . D 

GTGTGCOTG<jAG<jAGOCC-GAG<jGC<jAG<jCG-CCGTGG. 
V C V E E A E G E A PW 

AC^TGGACC<jGC<TCTGCATCTTC<KX^ 
T w T n T. c I F A A. L F 

CTG<HX:AGC<5TGAGCTACAGC<}CCO^ 
I L S V S V S A A JL T If 

\me.2 exon 

CTeATG<jTG<^G<:GGTrC<nx:aX^<^-ACGCGG-CAG- 
LMVQ R F LSA T RQ 

GGGAGG<:CC<:AGACCTCC<nx:<}ACTAGACX:AAC<jTC- 
G R P Q T S L D Y T N V 

CTCCAG-CCC-CAC-GCC-TAG- 
L Q P H A *• 
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Fia 2B 

CH4 domain : |mep segment 

clcTOT.GGA.GCC^AGO^ACTCG^GTCCC- 
H C G A G K a « 

CCA.G-me.1 segment-we.2 exon 
P 
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CH4 domain \me.2' exon 
Isoform m -—GTA'AATCGOG GT-GCA-QCG- 

V N P G A A 

GTTCCT<nGAGC<^CGCG<}CA<KXj<^^^ 
VPLSH AA G B A PD 

CTC<CTCGA<TA<^C<^CGT<Xn , <X^GCC<rA<X5C- 
LP RLHQRPP APR 

CTA<jCC<5CG<5GC<^CTCAGGC-TCC-ACC-AGG<X:C-AGC- 
LA AGHS R ST R PS 



TITTTC-TCr-GCC-AGC<5CC-TGA- 
F F S AS A * 
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Attachment to form PCT/ISA/210; Box VI: 

I. Claims 1-11, 15-1? and 24 drawn to monoclonal 
antibodies, hybridomas, chimeric antibodies, anti-idiotypic 
antibodies, chimeric anti-idiotypic antibodies and iramunotoxins*. 
Classes 530,435 and 424 subclasses {387 and 389), 240.27 and 
85.91. 

II, Claims 12-14 drawn to isolated DMA constructs and a 
transfected myeloma. Classes 536 and 435, subclasses 27 and 
240 . 2 , respecti vel y . 

IIT. Claims 20 and 21 drawn to a biospecific molecule and 
bispecific antibody. Class 530, subclass 387. 

IV. Claims 25-27, 29/27, 30, 32/37 and 35 drawn to 
peptides, nucleotide and DNA fragments, and monoclonal, chimeric 
and anti-idiotypic antibodies. Classes 536 and 530, subclasses 

27 and (300 and 387) respectively. 

V. Claims 22,23 drawn to peptides. Class 530; Sibrlass 300. 

VI. Claims 28. 29/28, 31, 32/28, 33/28 and 35 drawn to a 

peptide, nucleotide and DNA fragments monoclonal, chimeric and 
anti-idiotypic antibodies. Classes 530 and 536, subclasses (387 
and 300) and 27, respectively. Group I is directed to a first 
set of separate and distinct products. Group II is directed to a 
second set of separate and distinct products. Group III is 
directed to a third separate and distinpt product. Group IV is 
directed to a fourth separate and distinct product. Group V is 
drawn to a fifth set of, separate and distinct products. Group VI 
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is drawn to a sixth set of separate and distinct products. PCT 
Rules 13.1 and 13.2 do not provide for multiple distinct products 
within a single general uruentiue concepts . 
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